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ABSTRACT
A high performance liquid chromatography (HPLC) method was developed for the determination of bilirubin concentration in
pig liver. The sample was extracted by sequential extraction with dimethyl sulfoxide and acetonitrile, followed by HPLC analysis. The
accuracy of the analytical method was estimated by spiking pig liver samples with three different concentrations of bilirubin (2.5, 5 and
10 μg/mL) and a recovery of 75.7 - 84.9% was obtained, with corresponding intra-day and inter-day precisions of 1.6 - 4.1% and 2.4 3.9%, respectively. The limit of detection of bilirubin was 0.3 μg/mL and the analytical time for one sample was 9 min. In this study, the
bilirubin concentration of normal and jaundiced pig livers was determined. It was concluded that the procedure could provide scientific
data for detecting increased bilirubin concentration to identify jaundiced livers. The analytical method was found to be rapid, sensitive,
accurate, repeatable and reproducible, and could be applied for the measurement of bilirubin concentration in pig liver.
Key words: bilirubin, jaundice, high performance liquid chromatography

INTRODUCTION
Jaundice in pigs may be caused by many diseases,
such as leptospirosis, eperythrozoonosis, porcine circovirus
associated disease and mycotoxin toxicity, and is associated with elevated concentrations of bilirubin. Bilirubin is
the end-product of heme metabolism and is referred to as
unconjugated bilirubin (UCB)(1-3) when in the free circulating form in the bloodstream. Normally, UCB is conjugated with glucuronic acid in the liver and is excreted in
the bile. With liver dysfunction or bile duct obstruction, this
process is impaired and the concentration of conjugated and/
or unconjugated bilirubin will increase and accumulate in
the blood stream and extracellular fluid to produce jaundice
in the skin and other tissues(3). In meat inspection, jaundice
is used as an indicator of potential diseases associated with
abnormal heme metabolism, or hepatocellular or obstructive
liver disease. Inspection of livers for jaundice in slaughterhouses has been semi-subjective with visual comparison of
liver color with color cards to assess the presence and level
of jaundice. However, variations in liver color after slaughter
and variations in the level of jaundice can make this method
problematic, especially as consumers are increasingly
demanding food safety. It is necessary for veterinarians
involved in meat inspection and food safety to develop and
* Author for correspondence. Tel: +886-3-7585876;
Fax: +886-3-7585850; E-mail: spchen@mail.atit.org.tw

maintain strict standards in screening pig livers for conditions such as jaundice to encourage consumer acceptance
and prevent disputes.
The common method for bilirubin analysis for diagnosis involved testing serum or plasma samples via mixing
with various diazo reagents to produce azobilirubin and
then measuring its concentration colorimetrically(4). There
are now commercial assay kits for quantitative bilirubin
measurement, but these are used for blood testing and not
suitable for samples from pig livers. Other methods for the
determination of bilirubin concentration include enzymatic
assay(5), high performance liquid chromatography (HPLC)
(1-3,5-9)
and liquid chromatography mass spectrometry (LC/
MS)(10). However, bilirubin detected by enzymatic assay
using bilirubin oxidase can not to separate the bilirubin
fraction from other related fractions. Currently, HPLC is
considered sensitive and accurate for analyzing compounds
like bilirubin. Although mass spectrometry may be more
sensitive than traditional HPLC for measuring the level of
jaundice in pigs, we decided to measure the bilirubin level by
traditional HPLC which should be sufficiently sensitive and
more efficient for differentiating jaundice cases, especially
those that are causing confusion for meat inspectors relying
on visual observation.
Bilirubin had many related fractions such as proteinbound bilirubin, bilirubin diglucuronide, bilirubin monoglucuronide, conjugated bilirubin and unconjugated bilirubin
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in biological samples(2,9). In 1981, Lauff et al. established a
HPLC method for the separation of least three major bilirubin fractions in human bile and four fractions in human
serum(9). Mizobe et al. used this method for detecting bilirubin and biliverdin in the jaundiced broilers and evaluated
the application of this testing at the meat inspection site(8).
In this study, the concentration of UCB detected in the liver
was used as an indicator for the disposal of carcasses with
jaundice.
Pig liver is an important food in Asia but there has
been no clear definition for jaundice with respect to meat
inspection of pig liver. However, it will be important to have
a method that can rapidly identify jaundice in pig liver if
a dispute occurs. There are no conclusive reports on the
measurement of bilirubin for the detection of jaundice in pig
livers as part of the meat inspection process. The aim of this
study was to develop a rapid, accurate and precise method to
quantify bilirubin in pig livers.

MATERIALS AND METHODS
I. Chemicals and Reagents
A reagent-grade bilirubin isomer mixture (bilirubin
IXα 94%, bilirubin IIIα 3% and bilirubin XIIIα 3%) was
purchased from Sigma (St. Louis, MO, USA). Acetonitrile
(ACN) of LC grade, ammonium acetate and acetic acid
of reagent grade were purchased from Merck (Darmstadt,
Germany). Dimethyl sulfoxide (DMSO) of reagent grade was
purchased from J. T. Baker (Philipsburg, USA). Deionized
water (18.2 MΩ) was purified from tap water with Millipore
Synergy 185 ultrapure water system (Billerica, MA, USA).
Acetic buffer (pH = 5.0) was prepared as 0.1 M ammonium acetate by weighing 3.58 ± 0.05 g into a 500-mL beaker
and dissolving in 400 mL of deionized water, followed by
adjustment to pH = 5.0 using acetic acid. The solution was
transferred into a 500-mL calibration flask and made up to
the volume with deionized water.
II. Preparation of Standard Solutions
The stock standard solution of bilirubin with a concentration of 1,000 μg/mL was prepared by dissolving 10 ±
0.5 mg bilirubin in 10 mL of DMSO and this was stored at
4°C. The working standard solutions with bilirubin concentrations of 10, 5, 2.5, 1.25 and 0.625 μg/mL were prepared
by diluting the stock standard solution to the corresponding
concentrations with mobile phase. These working standards
were used to prepare the standard calibration curve.
III. Sample Preparation
The pig liver samples were processed according to the
following procedure under reduced light intensity to reduce
photodegradation. The liver samples were intermittently
blended at low speed in a blender with stainless steel blades

for 1 min to obtain a homogeneous paste. Aliquots of 2 ±
0.01 g of blended liver sample were accurately weighed into
a 15-mL polypropylene centrifuge tube. A volume of 2 mL
of DMSO was added to the sample which was then homogenized by vortex for 2 min. Subsequently, 2 mL of acetonitrile was added into the centrifuge tube and the mixture was
homogenized for 1 min. The sample was then centrifuged
at a speed of 6,000 rpm for 5 min at 5°C. Two milliliters of
the supernatant was collected in a 2-mL micro centrifuge
tube and centrifuged at 15,000 rpm for 10 min at 5°C. The
extracted supernatant was collected for further analysis,
but if still cloudy, it was filtered through a polyvinylidene
fluoride (PVDF) 0.22-μm pore size syringe membrane filter
before analysis.
IV. HPLC System
HPLC separations were performed using a Hitachi
7000 series LC system (Tokyo, Japan) consisting of a binary
pump (L-7100), an autosampler (L-7200) and a diode array
detector (L-7455). A reversed-phase Nova-Pak C18 column
(150 × 3.9 mm, 4 µm) coupled to a C18 guard column (20 ×
3.9 mm), both purchased from Waters (Milford, MA, USA),
were used for the analysis. Signals and data were processed
by Hitachi Model D7000 Chromatography Data Station
Software (version 3.1). The mobile phase was a mixture of
DMSO : acetic buffer (pH = 5.0) : acetonitrile (6 : 6 : 6.5,
v/v/v). Separation was achieved by isocratic solvent elution
at a flow rate of 1.0 mL/min. An injection volume of 20 μL
was used. The detection wavelength for bilirubin was set at
496 nm.
V. Limits of Detection and Quantification
The limit of detection (LOD) and limit of quantification
(LOQ) were estimated according to the standard calibration
curve. The equation was constructed by plotting the peak
area against concentration with a linear least-square regression method. The procedure involved the calculation of the
calibration curve deviation (sy/x), followed by multiplying
by 3 and 10, respectively, and finally dividing by the slope
of the calibration curve to find the corresponding LOD and
LOQ(11).
VI. Accuracy and Precision
The accuracy of the developed analytical method for
bilirubin in pig liver was estimated by the measurement of the
recovery of spiked samples at three bilirubin concentration
levels of 2.5, 5 and 10 μg/mL. The precision of the method
was estimated by the relative standard deviation (RSD %) of
freshly prepared standard samples at the same concentration
levels and these samples were analyzed at intervals over one
day (intra-day variation) and on a series of subsequent days
(inter-day variation) respectively, to assess the repeatability
and reproducibility of the method.
For the repeatability (intra-day assay) study, three
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VII. Stability Studies
Since bilirubin is subject to degradation, the stability of
the standard solutions was studied. Two standard solutions
of bilirubin containing concentration of 5 and 10 μg/mL
were prepared. The standard solutions were divided in two
groups. One group was tested after 24 h under three different
storage conditions, including storing at room temperature in
light, storing at room temperature in dim light and storing
at 4°C, in comparison to a freshly prepared solution. For the
other group, standard solutions were injected and analyzed
every 2 h over 48 h to evaluate the percentage change in peak
area for bilirubin.
VIII. Animal Experiment
Seven pigs of roughly 12 kg in weight were used in
this experiment. All the pigs went through surgical bile duct
ligation under anaesthesia by a qualified veterinary surgeon.
The pigs were then sacrificed on the 0.25, 0.5, 1, 2, 3, 4 and
7th day, respectively. Livers were collected from the pigs at
necropsy, stored and transported at 4°C and delivered to the
laboratory for analysis within 24 h. All animal experimental
procedures, care and handling of animals were approved
by the experimental animal committee (IACUC approved
number: 99026).

RESULTS AND DISCUSSION
I. Quantitative Assay
The HPLC run of the 10-μg/mL standard is shown in
Figure 1 and the retention time sequence and intensity for
the bilirubin isomers, XIIIα, IXα and IIIα in the standard
were identified. The retention times and peak intensity were
consistent with those in the study by De Matteis et al.(10).
For this HPLC study of pig livers, bilirubin concentration
was evaluated by the measurement of the bilirubin IXα
response. LOD and LOQ were calculated from the standard
curve plotted for the bilirubin standards. The linear equation
obtained was y = 39133x – 645.54, with a linear correlation
coefficient (R2) of 0.9999, where y is the peak area and x is
the corresponding concentration (μg/mL) of bilirubin. The
LOD was then calculated by dividing 3 times the standard
deviation (sy/x) of the linear calibration curve by the slope
(39133) of the linear calibration equation and the LOQ was
calculated by dividing 10 times of sy/x with the slope of the
linear calibration equation. The LOD and LOQ for bilirubin
analysis in pig liver were 0.3 μg/mL and 1 μg/mL, respectively. Therefore, the HPLC conditions provided a more

sensitive and rapid (analytical time of 9 min) analysis of
bilirubin.
The accuracy and precision of the developed method for
bilirubin in pig liver were estimated by the recovery and RSD
% of spiked samples at different concentrations. Recovery
was in the range of 75.7 - 84.9%, intra-day assay was in the
narrow range of 1.6 - 4.1% and inter-day assay was in the
narrow range of 2.4 - 3.9%. The obtain results were summarized in Table 1. From the results obtained, the method was
found to have good repeatability and reproducibility.
II. Optimization of HPLC Conditions
Three peaks of bilirubin isomers were expected and
the optimized procedure should provide the best chromatographic resolution (Rs) for each isomer. As the column could
separate three isomers, optimizing the mobile phase to give
the best resolution was necessary. Initially, the mobile phase
chosen was methanol : 0.5 M Tris-HCl buffer (3 : 7, v/v),
as described by Mizobe et al.(8) The Rs of the main peak
was 1.2 in relation to the other two peaks and the separation
the isomers was not very satisfactory with this solvent. The
effect of adding acetic buffer (pH = 5.0) to the mobile phase
of ACN and DMSO was examined(6). The result was an
improved Rs (2.6) of the main peak. During the evaluation of
the mobile phase solvents, the pH value was found to be very
important. The mobile phase with acetic buffer at pH = 5 was
necessary for bilirubin isomers separation which is different
from the finding of Al-Hamdi et al. (2006)(7) using pH 6.5.
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and the analyses were performed for 5 days.
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Figure 1. Chromatogram of a standard solution containing 10 μg/mL
of bilirubin isomers at a detection wavelength of 496 nm.
Table 1. Accuracy and precision of detection of bilirubin by HPLC
in pig liver samples spiked separately with 2.5, 5 and 10 μg/mL of
bilirubin.
Concentration
(μg/mL)
2.5

a
b

Intra-daya

Inter-dayb

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

77.2

4.1

84.9

2.4

5

80.1

1.6

80.4

3.1

10

75.7

2.8

77.5

3.9

n=5
n = 15
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Table 2. Peak areas of bilirubin in a standard solution after storage
for 24 h in different conditions (unit: counts, n = 5)
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Figure 3. Distribution of bilirubin concentrations in normal pig
livers.
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Figure 2. Chromatogram of pig liver samples at 496 nm: (A) Normal
liver (B) Normal liver spiked with 10 μg/mL of bilirubin (C) 4.2 μg/mL
of bilirubin was detected in a field sample of jaundiced liver.

III. Evaluation of the Extraction Procedure
The major challenge was to develop HPLC separation
that would permit the isolation of the analytes from liver
matrix. Fortunately, the maximum absorption wavelength of
bilirubin is 496 nm and no coeluting substance was present
to cause interference in this area. Figure 2 shows the chromatograms of extracts from a normal liver (Figure 2A), a
liver sample spiked with 10 μg/mL of bilirubin (Figure 2B)
and a field sample of jaundiced liver from slaughterhouse
(Figure 2C). When compared with standard solutions, there
was acceptable recovery of bilirubin in the spiked sample and
a detectable level of bilirubin in the normal liver. Therefore,
acceptable yields were obtained from the simple extraction
procedure. This extraction procedure was subsequently used
on 160 normal pig livers collected from a slaughterhouse
and these were analyzed for the concentration of bilirubin.

Figure 3 shows the distribution of bilirubin concentrations
in normal pig livers with a range of 0.1 - 3.3 μg/mL and the
average for the 160 samples was 1.3 ± 0.6 μg/mL. The bilirubin concentration of normal pig liver had a 95% confidence
interval from 0.1 - 2.5 μg/mL.
As bilirubin is insoluble in water, DMSO was used to
extract the sample, followed by ACN to denature protein.
However, the volume ratio of DMSO and ACN in the extract
solution did not affect the recovery of bilirubin within the
volume ratios evaluated (data not shown). The volume ratio
of DMSO : ACN (1 : 1) as previously described gave good
recovery and clear chromatograms.
IV. Assessment of Bilirubin Stability
Since bilirubin is unstable under normal lighting and
elevated temperatures, these experiments investigated
the effect of these factors on the bilirubin concentration
measured by the assay. The results are presented in Table
2. There were significant differences in the level of degradation of bilirubin in 2 different concentration stock solutions, depending on light and temperature conditions. At the
same temperature, samples stored in normal light degraded
more quickly than under dim light. The result of storing in a
refrigerator (4°C in the dark) was close to that of the freshly
prepared sample. For practical reasons in the laboratory,
further analysis of liver samples was conducted at room
temperature in dim light. The results of the effect of time
delay on the assay performance are shown in Figures 4A
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VI. Elevation of Liver Bilirubin in Jaundiced Pig Livers
The liver concentration of UCB plotted against days
after bile duct ligation for the 7 treated pigs is shown in
Figure 5. The treated pigs were clinically normal on day 1
and the liver showed only slight jaundice. On the second day
after bile duct ligation, the pig liver showed obvious jaundice
when observed visually. The highest concentration of UCB
detected on the 7th day was 282 μg/mL. From this study, it
was clear that the proposed HPLC method was able to detect
variable levels of elevation of bilirubin in jaundiced livers
and showed good correlation with color changes in the liver
in more severe jaundice cases.

CONCLUSIONS
As there has been no conclusive report on the measurement of bilirubin for detection of jaundice in pig livers as
part of the meat inspection process, this method was developed to detect bilirubin in pig livers. The evaluation of
the method showed that it could be applied to estimate the
concentration of bilirubin in pig livers which may not be
clearly classified as jaundiced and hence be condemned by
meat inspectors. However, it is difficult to collect enough
pig liver samples with jaundice at the borderline level for
condemnation by meat inspectors with visual observation.
Therefore, further evaluation of borderline samples will be
conducted when such samples are available. The developed
method was rapid, sensitive, accurate and precise and will
provide support for meat inspectors during the assessment
of pig livers for jaundice. However, due to the potential of
bilirubin degradation in the liver samples, it is important
that the suspect livers are delivered to the laboratory as soon
as possible in a container maintained at 4°C.

Bilirubin degeneration (%)

The UCB peak was obtained in the healthy equine
serum and pericardial fluid samples(3), which had similar
peaks compared with those of normal pig liver in our study.
Moreover, UCB was the target compound to diagnose the
jaundiced broilers for poultry inspection(8). The extraction
procedure in our study was relatively simpler compared to
those reported in other studies(1,2,6,8,9) and the recovery was
similar to the findings of Zelenka et al. (2008) and Mizobe et.
al. (1997)(1,8). In addition, the HPLC sensitivity (LOD = 0.3
μg/mL) in this study was sufficient to detect jaundice during
the inspection of pigs. Therefore, this method is useful for
application in slaughterhouses.
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Figure 4. Bilirubin degradation over 3500 min in standard solutions
containing (A) 5 μg/mL and (B) 10 μg/mL bilirubin.
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and 4B. Repeat tests were conducted on stock solutions of
two concentrations, 5 and 10 μg/mL, at 2-h intervals over 3
days. Both bilirubin stock concentrations showed the same
degradation trend. For further testing, it was proposed that
the extracted sample should be tested within 10 h to limit
the variation due to bilirubin degradation over time to 20%.
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Figure 5. Bilirubin concentrations in pig livers at the indicated times
after surgical bile duct ligation.
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